In this work the scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) elemental analysis were used for the characterization of adipose tissue samples taken from volunteer obese patients. The adipose tissue was taken from subcutaneous, preperitoneal and visceral layers of the adipose tissue. The obtained results provided information about the structural composition of adipose tissue layers in the human body, as well as the main microstructural features. It was demonstrated for the first time, to the best of our knowledge, that SEM and EDX are indispensable tools in order to investigate some special morphological features and the elemental composition of different layers of the human adipose tissue, identifying the surface microstructure and its qualitative composition. From the obtained results we concluded that such characterization of the adipose tissue is an essential step for the possible prediction of symptoms of different diseases.
In this work the scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) elemental analysis were used for the characterization of adipose tissue samples taken from volunteer obese patients. The adipose tissue was taken from subcutaneous, preperitoneal and visceral layers of the adipose tissue. The obtained results provided information about the structural composition of adipose tissue layers in the human body, as well as the main microstructural features. It was demonstrated for the first time, to the best of our knowledge, that SEM and EDX are indispensable tools in order to investigate some special morphological features and the elemental composition of different layers of the human adipose tissue, identifying the surface microstructure and its qualitative composition. From the obtained results we concluded that such characterization of the adipose tissue is an essential step for the possible prediction of symptoms of different diseases.
Keywords: adipose tissue, subcutaneous, preperitoneal and visceral layers, obese patients, SEM, EDX

INTRODUCTION
The adipose tissue is generally considered as a storage depot for excess energy. The adipose tissue stores energy in the form of lipids and controls the lipid mobilization and distribution in the body. It was considered for a long time that the adipose is a passive organ, but recently the adipose tissue has been described as an endocrine organ with important physiological roles [1, 2] . For example, pericardial adipose tissue volumes were significantly increased and the adrenal gland volume was slightly enlarged in patients with chronic major depressive disorder [3] . The recent study described bone marrow fat changes in diabetes and discussed the potential role of marrow fat in skeletal fragility and epigenetic modifications in the adipose tissue and their association with obesity and diabetes [4, 5] . Obesity is increasingly recognized as a growing cause of cancer risk [6] . The authors in [7] concluded that the presence of dyslipidaemia and compromised metabolic health in both lean and obese individuals suggests that the obesity does not represent a main independent risk factor for the development of dyslipidaemia.
There is conflicting information about differences between the fatty acid composition of the subcutaneous adipose tissue (SAT), preperitoneal adipose tissue (PAT) and visceral adipose tissue (VAT). The subcutaneous adipose tissue is the fat just under the skin. The preperitoneal adipose tissue is located prior to the peritoneum. The visceral adipose tissue surrounds organs and interferes the function of the organ. Varying proportions of fatty acids from the adipose tissue may be related to atherosclerosis, metabolic syndrome, type 2 diabetes mellitus, cardiovascular and other diseases and might exert a direct influence on serum lipids that may differ depending on the adipose tissue region [8] [9] [10] [11] [12] . During cancer development, loss of the total adipose tissue occurs in most cancer patients [13] . However, the loss of the total adipose tissue did not reflect changes in SAT and VAT in the same direction or intensity. The intensity of SAT is more likely to be gained further way from death, whereas the VAT loss remains constant throughout the disease progression. The adipose tissue distribution during pregnancy showed a tendency towards a decreased accumulation of the subcutaneous and an increased accumulation of the preperitoneal adipose tissue [14] . It was also concluded that PAT may be related to arterial stiffness [15] . The hypothesis that the ratio of the visceral to the subcutaneous adipose tissue is associated with altered sepsis outcome has been recently partially proved [16] . The relationship between the VAT and sugarsweetened beverage intake was also determined [17] . Several studies showed the strongest correlation between symptoms of different diseases and changes in the VAT mass [18] [19] [20] .
The conventional methods for determining the composition of fats are gas and liquid chromatography [21] [22] [23] [24] [25] . However, it is clear that new alternative analytical procedures for the analysis of the adipose are very much desired [26] [27] [28] [29] [30] [31] [32] . Although the development of obesity is easily attributed to an excess intake of calories, the underlying reasons for the metabolic disturbances and health risks associated with obesity are still unclear. In this work adipose samples were taken from volunteer obese patients and analysed using scanning electron microscopy (SEM). Also, the aim of the present study was to investigate the distribution of different morphological features in different layers of the adipose tissue from obese patients.
EXPERIMENTAL
All subjects included in our study were recruited from 35 volunteer patients at the Vilnius University Hospitals' Department of General Surgery where they had been referred for obesity surgery. Men and women aged 18-65 years with a BMI more than 30 kg/m 2 were enrolled in the study. During the laparoscopic gastric banding surgery three samples of the adipose tissue were taken: subcutaneous (SAT), preperitoneal (PAT) and visceral (VAT) (see Fig. 1 ). The study Fig. 1 . A schematic diagram of adipose tissues in the human body protocol was approved by the Lithuanian Bioethics Committee, with the aim and design of the study explained to each subject, who in turn gave their informed consent. The adipose tissue samples (5 g from each region) were washed out in a normal saline solution and frozen immediately. The adipose tissue samples were stored in -70°C temperature before the microscopical analysis was performed. For the morphological characterization of the adipose tissue specimens a scanning electron microscope (SEM) Hitachi SU-70 was used. The energy dispersive X-ray (EDX) elemental analysis was performed with a Hitachi Tabletop Microscope TM3000.
RESULTS AND DISCUSSION
The scanning electron micrographs of the adipose tissue obtained from different layers of obese patients, randomly selected but without metabolic diseases, are shown in Fig. 2 indicating the surface similarity and difference of specimens. The main morphological features of the adipose tissue taken from the adipose tissue layers SAT, PAT and VAT of individual patients are quite similar. The microstructure of the sample obtained from the adipose tissue layers SAT, PAT and VAT is characterized by a number of planar particles 1-1.5 μm in size. The adipose material shows a rather open structure and a large surface area with no microscopic evidence for the existence of pores or interparticle voids. However, some rod-and/or stick-like individual particles 0.5-1.0 μm in size could also be seen in the SAT layer. Very small (50-100 nm) spherical particles are located on the surface of planar particles of the adipose tissue in the VAT layer. However, the microstructure of the adipose tissue taken from the preperitoneal (PAT) layer does not show any specific features.
The scanning electron micrographs of the adipose tissue were also obtained from different layers of obese patients with metabolic diseases who were randomly selected. Figure 3 shows the representative SEM micrographs of the PAT layer of adipose tissue samples taken from obese patients having different metabolic diseases (diabetes, galactosemia, hepatitis and other). No progressive changes in the morphology of the PAT samples in comparison with the sample from healthy patients were observed. The SEM micrographs of these samples show that the adipose tissue of the preperitoneal layer is composed of irregularly shaped particles 200 nm -2 μm in size which are closely connected to each other forming hard agglomerates. The existence of a continuous network of particles is evident. Some parts of the samples are composed of bigger particles, some contain significantly smaller particles. However, the microstructure of the adipose tissue PAT layers obtained from 35 patients is quite similar. The morphology of most PAT samples consisted of similar particulate matter. Only very seldom some additional small nanoscaled separate particles could be seen on the surface of the adipose tissue of these speci- mens. These initial SEM observations let us to conclude that the preperitoneal layer perhaps could be considered as a passive organ, i.e. is not associated with metabolic changes in the human body.
The SEM micrographs of the subcutaneous adipose tissue layer taken from obese patients having different metabolic diseases are presented in Fig. 4 . These SEM images are slightly different in comparison with ones taken from the SAT layers of people without metabolic diseases. It associated with metabolic changes in the body of obese patients. However, only few samples contain rod-and/or sticklike individual particles 0.5-2.0 μm in size which were seen in the SEM images of SAT layers of healthy volunteers.
The SEM micrographs of the visceral adipose tissue revealed an individual surface morphology of the adipose tissue samples taken from different patients. Figure 5 shows the representative SEM micrographs of the VAT layer of the adipose tissue samples taken from the obese patients having different metabolic diseases. Interestingly, the individuality of morphology of different VAT adipose tissue samples is strongly expressed. One part of the samples are composed of large particles necked to each other. These single cloudy particles are usually covered with randomly distributed differently shaped nanoparticles. The second part of SEM micrographs could be attributed to the adipose tissue samples showing the network of multishaped nanoparticles (50-100 nm) distributed on the surface of hard agglomerates of plate-like microparticles (0.3-0.5 μm). The surface of the third part of the samples instead of a continuous network is composed of separate spherical clusters ~1.0-1.5 μm in size. In some cases, these spherical clusters are prolonged in one direction and form dimeric or oligomeric fragments. Thus, careful morphological observations revealed that the surface of the visceral adipose tissue could serve very important biomedical information.
The SEM investigations are often used in conjunction with spot probe analyses by either EDX or WDX methods. It is known that a certain amount of different metals accumulated in the blood plasma or other human internal organs could be a signal of the seriousness and depth of the disease [33] [34] [35] [36] . Therefore, we have evaluated the chemical composition of the adipose tissue samples by energy dispersive X-ray spectroscopy in two scanning electron microscope. It was determined that the concentration of sodium and potassium in adipose layers is much higher in comparison with other elements. The concentration of magnesium is higher than that of calcium almost in all samples. Moreover, Mn and Ni were not detected in all analysed samples of the adipose tissue. The results of the EDX analysis obtained for the determination of selected transition elements in the PAT, SAT and VAT layers of the adipose tissue specimens are summarized in the Table. As seen, the concentrations of Fe and Zn do not vary significantly in the adipose tissue samples from different patients. However, the amount of iron was highest in the PAT layers, and the VAT layers generally contained a slightly smaller amount of Fe in comparison with the SAT layers. On the other hand, the random distribution of zinc in different layers of the adipose tissue was determined. Evidently, some adipose tissue samples contain a significantly higher amount of copper. Interestingly, a higher amount of copper is prevailing in the VAT layer. Also, a rather large amount of Cu was also determined in some samples of the SAT layer. Chromium was found only in the adipose of few patients. The relative standard can be seen from Fig. 4 that the adipose tissue samples are composed of cubes, prisms and spherically shaped granule particles less than 0.5 μm in size. These different geometric shapes are connected by a solid matrix. Moreover, pores and voids can also be seen, which result probably from the different natural condition of the adipose tissue. The interesting morphological feature is rarely observed bright spots in all SEM micrographs of the SAT adipose tissue picked up from different patients. These bright spots are probably Finally, the initial observations show such a tendency that a higher concentration of metals prevail in SAT and VAT layers. However, the distribution of metal levels in adipose tissue layers is rather chaotic and important information could be probably obtained after a more intensive study. The secondary electrons are emitted by atoms near the surface of a sample material when their electrons become excited and have sufficient energy to escape the sample surface. Consequently, secondary electron imaging, being more surface sensitive, has a greater resolution. The escape depth of backscattered electrons can be greater than that of secondary electrons, consequently resolution of surface topographical characteristics can suffer. However, from the backscattered electron SEM images it is possible to obtain information on the sample composition. Moreover, backscattered electrons have the advantage that they are sensitive to the atomic mass of the nuclei they scatter from. As a result, heavier elements which backscatter more efficiently appear brighter than lighter elements in a backscattered electron image. Thus, a "brighter" BSE intensity correlates with greater average Z in the sample, and "dark" areas have lower average Z. BSE images are very helpful for obtaining high-resolution compositional maps of a sample and for quickly distinguishing different phases [37] . The representative BSE SEM micrographs of adipose samples from the PAT layer containing different concentration of iron are shown in Fig. 6 . As seen, lighter areas corresponding to accumulation of iron are denser, and darker areas are less. Since Sample 3 contains a higher amount of iron, dense lighter areas are more pronounced in the corresponding SEM BSE image. This is generally true in all images of the PAT adipose tissue samples. The iron parts are bright while the carbon ones containing fats are featureless. Not even the dimples and pores in the total area are evident. The second combination of SEM BSE images is shown in Fig. 9 . The micrographs are obtained at the back-scattering mode for the SAT samples with a different amount of chromium. However, one must be very careful in interpreting such images. Evidently, the bright spots are intensively distributed in the micrographs of the samples containing chromium from 4.1 to 6.2 μg/g. But the planar grey parts are also involved in a rather big part of images. Interestingly, the lighter areas corresponding to accumulation, probably, of iron could be detected in the micrograph of the SAT sample without any traces of chromium. The depth of imaging with backscattered electrons in the scanning electron microscope, probably, should be measured to achieve a better interpretation of the obtained results [37] . Figure 8 shows three representative SEM BSE micrographs of the VAT layer of the adipose tissue samples having a very similar amount of chromium (5.3-5.5 μg/g) and taken from obese pa- tients having different metabolic diseases. Interestingly, there are no significant differences evidenced in the surface morphology and elemental content between these samples. However, the concentration and distribution of bright, grey and dark areas in the micrographs is obvious. The BSE image of the VAT layer of Sample 6 is mostly composed of grey voluminous plates randomly covered by white spots. The smaller grey parts are more connected to each other for the VAT Sample 19. The distribution of bright spots is so intensive that even its detection is problematic. A quite different situation could be observed in the BSE image of the 26 VAT sample. The continuous network of a grey part is homogeneously "spin-coated" with white matter with a good connectivity. Moreover, the dark area is almost missing in this SEM BSE micrograph. The contrast of backscattered electron images in scanning electron microscopy depends on material parameters which can be exploited for composition quantification if some information on the material system is available [38] . The image intensity can be evaluated to determine the composition and local thickness of the specimen. Evidently, these results should be statistically analysed using any selected statistical test [39] .
The biphasic character of the investigated fat samples containing copper is evident from the SEM measurements. The representative BSE SEM micrographs of the VAT adipose tissue sample containing the highest amount of Cu (9.5 μg/g) are shown in Fig. 9 . The images showed an increase of the formation of light spots on visceral adipose tissues. Within the limits of this study, the short period was not enough to detect differences in clinical parameters among different adipose tissues. Clinical and radiographic analyses are under investigation. Besides, a newly developed scanning electron microscopy method to obtain 3D structural information could be also employed to provide a deeper insight in the morphology of these materials [40] [41] [42] .
CONCLUSIONS
We demonstrated for the first time, to the best of our knowledge, the application of scanning electron microscopy (SEM) and metal content determination by energy dispersive X-ray spectroscopy (EDX) in a scanning electron microscope for the characterization of the adipose tissue from obese patients. The fat samples were taken from the subcutaneous (SAT), preperitoneal (PAT) and visceral (VAT) layers of the adipose tissue. The SEM micrographs of samples from the PAT layer of the adipose tissue showed that the adipose tissue of the preperitoneal layer is composed of irregularly shaped particles 200 nm -2 μm in size which are closely connected to each other forming hard agglomerates. The microstructure of the adipose tissue PAT layers obtained from different patients is quite similar. The SEM micrographs of the subcutaneous adipose tissue layer taken from obese patients having different metabolic diseases were slightly different in comparison with the ones taken from the SAT layers of people without metabolic diseases. The adipose tissue samples were composed of cubes, prisms and spherically shaped granule particles less than 0.5 μm in size. The interesting morphological feature was rarely observed bright spots in all SEM micrographs of the SAT adipose tissue picked up from different patients. The SEM micrographs of the visceral adipose tissue revealed the individual surface morphology of adipose tissue samples taken from different patients. These initial SEM observations let us to conclude that the preperitoneal layer could perhaps be considered as a passive organ, i.e. is not associated with metabolic changes in the human body. These bright spots seen in the SEM images of SAT layers are probably associated with metabolic changes in the body of obese patients. Moreover, careful morphological observations revealed that the surface of the visceral adipose tissue could serve as very important biomedical information. The results of the elemental analysis obtained showed various distributions of different metals in the adipose tissue of patients with a different metabolical state. However, the results of distribution of copper and chromium in adipose tissue layers in obese patients are promising for further medical observation. The morphological results obtained from the representative BSE SEM micrographs of adipose samples from SAT, PAT and VAT layers were in a good agreement with the analytical results. Obviously, further investigation is needed to prove the impact of chemical composition, structural and morphological features on adipose tissue activity and their relationship with a disease stage. Of course, medical conclusions could be made only after a careful and systematic investigation of numerous patients with obesity and different comorbidities.
